INTRODUCTION
Rapid eye movement (REM) sleep behavior disorder (RBD) is a parasomnia that is characterized by the loss of muscle atonia during REM sleep, associated with the complex motor enactment of dreams.
1 RBD patients free of associated neurologic disorders have idiopathic RBD (IRBD). These patients are at high risk of developing neuro-degenerative diseases, such as Parkinson' s disease (PD), multiple system atrophy, and dementia with Lewy bodies. [2] [3] [4] Longitudinal studies showed that 52-82% of IRBD patients acquire a neuro-degenerative disorder within 12 years of disease onset. 3, 5 Early non-motor features of Parkinsonism, such as impaired color vision, olfaction, and autonomic function, are observed in IRBD. 6 IRBD is therefore widely viewed as a prodromal stage of synucleinopathies.
Neuropsychiatric symptoms, including depression, anxiety and apathy, are frequently reported in PD. 7 Depression affects up to 35% 8 and anxiety occurs in 40% of the patients with PD.
Checklist 90-Revised (SCL-90-R)] showed that half of the patients with PD exhibited somatization, depression, anxiety, or obsessive-compulsive behaviors. 11 Assessing neuropsychiatric symptoms is critical in PD because they can adversely affect the course of disease and the well-being of the patient 12 and increase mortality. 13 Those with major depression experience faster cognitive and functional decline and display an increased need for antiParkinsonian therapy than are observed in those without these symptoms. 14 Neuropsychiatric symptoms are often unrecognized and therefore untreated in patients with IRBD. Most studies evaluate PD patients with comorbid RBD, that negatively effects non-motor symptoms in these patients. They display more symptoms of depression, sleepiness, and cognitive impairment than are observed in similar patients without RBD. 15 Additionally, PD patients with RBD report more anxiety at baseline and that this anxiety increases over time. 16 Only a few studies have evaluated IRBD patients. One study compared personality changes between PD and RBD patients and showed similar pattern of personality changes compared to a control population more neurotic, less extraverted and less open. 17 Another study showed that depression was more frequent in IRBD. 18 Assessing neuropsychiatric symptoms, such as depression, in patients with IRBD is therefore crucial because depression is independently associated with poor quality of life. 19 We hypothesized that IRBD patients have more severe neuropsychiatric disturbance than controls, which is associated with neurodegenerative process. SCL-90-R is a structured self-reported questionnaire that is used to evaluate psychopathology and psychological distress. We used the SCL-90-R to evaluate the prevalence of neuropsychiatric symptoms and psychological distress in IRBD patients and compared the results to those obtained in age-and sex-matched controls.
METHODS

Participants
Consecutive drug-naïve patients with video polysomnography (PSG)-confirmed IRBD that visited Kyung Hee University Hospital at Gangdong sleep clinic January 2009-November 2016 were reviewed. RBD was diagnosed according to the International Classification of Sleep Disorders (ICSD-3) criteria.
1 Those with 1) a neuro-degenerative disease, other neurological, or psychiatric disorder; 2) severe medical illness; 3) moderate to severe obstructive sleep apnea (OSA) (apnea-hypopnea index ≥ 15/hr), or 4) other sleep disorders [including periodic limb movement disorder (PLMD)] were excluded. Age-and sex-matched healthy volunteers from the same region as the IRBD patients served as controls. The controls were screened for sleep-related symptoms and neurological or psychological diseases using a structured questionnaire in addition to a clinical interview. 24 ] in addition to the SCL-90-R were completed by IRBD patients and controls.
The SCL-90-R is composed of 90 questions, each of which is scored on a 5-point scale ranging from "not at all" = 0 to "extremely often" = 5. The patient's symptoms are assigned to the following 9 categories: somatization (SOM), obsession-compulsion (O-C), interpersonal sensitivity (I-S), depression (DEP), anxiety (ANX), hostility (HOS), phobic anxiety (PHOB), paranoid ideation (PAR), and psychoticism (PSY). Additionally, the following three global indices are used to measure and calculate overall psychological distress: the global severity index (GSI) and the positive symptom total (PST) index, and positive symptom distress index (PSDI). The standard Korean version of the SCL-90-R 25 was used, and the result of the questionnaire was presented as a T score with a mean of 50 and a standard deviation of 10. A score of 70 (two standard deviations from the mean) was considered to indicate clinically abnormal.
26
Statistical Analysis
All data are presented as the mean ± SD. The Mann-Whitney U-test was used to evaluate group differences in demographics and questionnaire scores. We ranked the patients according to the proportion of positive SCL-90-R items (scores above 1). We listed the 10 most common items found in the IRBD groups and used Fisher's exact test to compare the frequency of each item with that observed in the controls. The correlations between SCL-90-R T-scores and clinical variables were tested using Spearman's correlation after adjusting for age. The significance level was set to 0.05. All statistical comparisons were conducted using SPSS (Version 22.0, IBM Corp., Armonk, NY, USA).
RESULTS
Patient Characteristics
Initially, 38 patients with IRBD were enrolled. Three patients were excluded for moderate or severe OSA, and 15 were excluded for concomitant PLMD. Eventually, 20 patients with IRBD and 20 age-and sex-matched controls were analyzed. The mean age of the IRBD patients was 58, and half of them were male. The mean disease duration was 55.1 months, and the mean symptom frequency was 3.7 days per week. PSQI scores were overall higher in patients with IRBD than in the controls (5.7 ± 2.2 vs.
3.2 ± 1.4, p < 0.0001) and specifically higher in the following components: subjective sleep quality (p < 0.0001), sleep latency (p = 0.012), sleep duration (p = 0.004), and sleep disturbance (p = 0.022). ISI was also higher in IRBD (9.7 ± 0.6 vs. 4.1 ± 3.4, p < 0.0001). The results of other sleep questionnaires and BDI-II scores were similar between the two groups. The results of the PSG data in the IRBD patients is described in Table 1 .
SCL-90-R
Except for SOM, O-C, and PAR, SCL-90-R T-scores were significantly higher in IRBD patients than in the controls, as follows: PHOB (p = 0.009), I-S (p = 0.011), PSY (p = 0.013), HOS (p = 0.014), ANX (p = 0.020), and DEP (p = 0.049) (Fig. 1) . Three IRBD patients (15%) had abnormal T-scores over 70 in one or more subscale (one patients in I-S, PHOB, PAR, and PSY; one in O-C, I-S, DEP, ANX, HOST, PAR, and PSY; and one in SOM).
In IRBD patients, the most common positive item in the SCL-90-R test was "Loss of sexual interest or pleasure. " However, the proportion was like that observed in the controls. Among the 10 most-positive items in the IRBD patients, "Trouble remembering things, " a subscale of O-C, and "Feeling very self-conscious with others, " a subscale of I-S, were more common in IRBD patients than in the controls (Table 2) .
After 
DISCUSSION
We conducted systematic neuropsychologic evaluations using the SCL-90-R in IRBD patients and age-and sex-matched healthy controls. Even after we excluded individuals with comorbid neurologic, psychiatric, or sleep disorders, neuropsychiatric distress in the I-S, PHOB, PSY, HOS, ANX, and DEP domains was more severe in the patients with IRBD. Three of the patients (15%) had an abnormal psychological profile with SCL-90-R T-scores higher than 70.
In IRBD, sleep disturbance can cause psychological distress. Disturbed sleep has been associated with psychiatric symptoms. 27, 28 The IRBD patients had higher PSQI scores than were observed in the controls even after we excluded individuals with other sleep disorders, such as periodic limb movement during sleep, or moderate to severe OSA. PSQI scores were significantly correlated with T-scores for the PHOB and PSY subscales. The PSQI component encompassing sleep disturbance and sleep medication has been higher in IRBD. 29 Our patients scored higher in sleep disturbance components as well as in sleep latency, sleep duration and sleep quality components. The use of sleep medication was similar in our patients because we includ- ed only drug-naïve IRBD patients. Because we excluded controls with subjective sleep disturbances, our PSQI score results may be biased. However, all of the patients with IRBD had a PSQI score above 5, and this is a significantly higher proportion than was achieved in a previous report (68.7%). 29 The absence of sleep medication, such as clonazepam may have resulted higher rates of sleep disturbance in our patients than the previous reported results. The sleep fragmentation observed in IRBD may therefore be caused by unstable wake/sleep and REM/NREM transitions, 30 in line with the findings of a previous study. 29 Phobic anxiety was the most prominent neuropsychiatric symptom observed in IRBD, followed by interpersonal sensitivity. Patients with IRBD often experience unpleasant dreams, and this can sometimes result in "sleep phobia", 31 that can increase phobic anxiety in affected patients. Some of these patients engage in sleep talking, shouting, screaming, hitting, or punching. Abnormal behavior and vocalization during sleep can cause embarrassment when sleeping with partners or guests or in hotels. 31 Such behavior can increase self-consciousness and negative expectations about interpersonal reactions. A previous study showed that RBD patients experience more aggressive episodes in their dreams but exhibit normal daytime aggressiveness. 32 However, the IRBD patients in our study displayed more severe hostility during the daytime than the controls. Compared with a previous study that included predominantly male patients and controls, about half of the patients in this study were female. Although males are typically more likely to show aggression, 33 hostility related to IRBD may be more significant or obvious in female patients. The neuropsychologic disturbances observed in IRBD may partially be caused by neuro-degenerative processes. A large prospective study showed that in otherwise healthy men, phobic anxiety is a risk factor for PD. 34 The structures that are involved in anxiety or depression, such as the raphe nucleus and locus coeruleus, are commonly affected by Lewy bodies in patients with PD or RBD. 31 Decreased striatal dopamine transporter availability has been associated with symptoms of depression and anxiety in PD patients 35, 36 and has been identified in IRBD patients. 37 Although BDI-II score were similar between IRBD and the controls, it was correlated with the RBD disease duration after adjusting for age, suggesting an association between disease progression and the severity of depressive symptoms. An increase in psychoticism may be associated with neuro-degenerative processes in dementia with Lewy body disease, a key feature of which is visual hallucinations. Lewy body pathology in the projections of the substantia nigra pars reticulata to brainstem nuclei can result in the activation of limbic structures, thereby causing hallucinations.
This study is the first to systematically evaluate the neuropsychiatric symptoms in IRBD patients without comorbid conditions. However, any interpretation of this study should be made in consideration of its limitations. Because this study used a cross-sectional design, it is difficult to evaluate any causal relationship between IRBD and neuropsychiatric distress. The number of patients was small, and therefore we were not able to adjust possible confounders that can affect SCL-90-R score, such as PSQI or ISI. Moreover, there is a risk for false-positive findings resulting from multiple testing. However, we strictly limited inclusion to drug-naïve IRBD patients without comorbid conditions so that we could better evaluate the true effect of RBD on neuropsychiatric symptoms. Finally, PSG was conducted only in the IRBD patients, and controls with sleep disturbances were excluded.
In this study, we found that the IRBD patients exhibited more psychosomatic distress than was observed in the controls and 15% of the IRBD patients suffered abnormal neuropsychiatric symptoms. These symptoms should not be overlooked because they can decrease the patient's quality of life and potentially adversely affect the course of neuro-degeneration. The results of our study support the notion that RBD and neuropsychiatric symptoms occur before the onset of neurodegenerative disease. The different neuropsychiatric symptoms observed in IRBD may predict different types of synucleinopathies, such as PD or dementia with Lewy bodies. Further prospective studies that include larger numbers of patients should be conducted to explore this issue.
